In-vivo studies were carried out to investigate the protective effect of a synthetic viral analogue (poly I:C) against Ostreid herpes virus (OsHV-1 μvar). Pacific oysters (Crassostrea gigas) were immuneprimed by intramuscular injection of 240 μg of poly I:C or sterile seawater at 1 day prior to infection with OsHV-1 μvar. Poly I:C injection induced an antiviral state in C. gigas as the percentage of viralinfected oysters at 48 h post infection was significantly lower in the poly I:C treatment (11%) compared to seawater controls (100%). In an additional experiment, we demonstrated that the protective role of poly I:C is reproducible and elicits a specific antiviral response as immune-priming with heat-killed Vibrio splendidus provided no protection against subsequent viral infection. In both experiments, genes homologous to a toll-like receptor (TLR), MyD88, interferon regulatory factor (IRF) and protein kinase R (PKR) were up-regulated in oysters immune-primed with poly I:C compared to seawater controls (p < 0.05). The MyD88, IRF and PKR genes were also significantly up-regulated in response to OsHV-1 μvar infection (p < 0.05), which is suggestive that they are implicated in the antiviral response of C. gigas. Our results demonstrate that C. gigas can recognise double-strand RNA to initiate an innate immune response that inhibits viral infection. The observed response has striking similarities to the hallmarks of the type-1 interferon response of vertebrates.
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Introduction
Innate immunity, the ancient immune system present in both invertebrates and vertebrates, is the first line of defence against microbial invaders, such as viruses. In vertebrates, the interferon signalling pathway is crucial for innate immunity against viral infection [1] . Most viruses produce double-stranded RNA (dsRNA) during viral replication and vertebrate cells recognise dsRNA (viral or synthetic) via toll-like receptor 3, which triggers a complex signal-transduction pathway resulting in the translocation of transcription factors (NF-κB and interferon regulatory factor) to the cell nucleus and the up-regulation of a number of genes, principally interferon. Interferon exerts an antiviral state in neighbouring cells by inducing the expression of antiviral proteins, such as protein kinase R (PKR), 2',5'-oligoadenylate synthetase (OAS), and Myxovirus resistance protein (Mx) [1] . Until recently, it was a generally accepted paradigm that the interferon-signalling pathway was absent from invertebrates, as genes homologous to interferon or its major effectors were absent in several fully sequenced invertebrate genomes [2] . Instead, it was believed invertebrates blocked viral replication by RNA interference (RNAi) and this mechanism of antiviral immunity is considered the primary and most important antiviral response in insects and crusteaceans, but has a lesser role in vertebrate innate immunity [3] .
The Pacific oyster (Crassostrea gigas) is an economically valuable species farmed worldwide. Historically, Ostreid herpesvirus 1 (OsHV-1) has regularly been detected in C. gigas from France, United States and New Zealand [4] [5] [6] . OsHV-1 has typically only caused sporadic mortality events in larval and juvenile developmental stages of C. gigas [summarised by 5]. Since 2008, C. gigas have experienced increased mortality in France due to a new genotype of the Ostreid herpes virus, termed OsHV-1 µvar [7] . Subsequently, the OsHV-1 µvar genotype has been confirmed to cause recurring mass mortalities in juvenile and adult developmental stages of C. gigas in Ireland, England, Spain, New Zealand and Australia [8] . The mortality caused by OsHV-1 µvar is influenced by environmental factors and the survival capacity of the host [9] . Oysters have no acquired immune system, but they do have efficient defence mechanisms for eliminating invading agents, based on an innate immune system. Over the last ten years, diverse feature of this defence system have been characterised in C. gigas, including signalling pathways, antimicrobial peptides and effectors [reviewed by 10]. However, knowledge of the antiviral immune response of molluscs is poorly understood and it would not be surprising if it differed from other model invertebrate species. This lack of knowledge has hampered the development of successful management solutions against this disease. Several genes induced by OsHV-1 infection have been reported in C. gigas [11] , but thus far, no significant mechanistic insight into the molecular basis for antiviral immunity in C. gigas has been described.
We propose that an "interferon-like pathway" exists in molluscs (see Figure 1 ): Pearl oysters (Pinctada fucata) have receptors for interferon-Ω on the surface of their immuno-competent cells (hemocytes) [12] and injection of recombinant interferon-Ω prior to challenge with Akoya virus provides increased protection [13] . Furthermore, treatment of hemocytes with interferon-γ was shown to activate a STAT-like pathway in the bivalve, Mytilus galloproviancialis [14] . Expressed sequence tags with high homology to interferon regulatory factors (IRFs) have been identified from flat oysters (Ostrea edulis), Pacific oysters (C. gigas) and mussels (M. edulis) [15] [16] [17] [18] , and the Mx gene, a classic interferon induced antiviral effector of vertebrates was reported in a gastropod (Haliotis discus discus) [19] . Complete genome sequences of primitive invertebrates indicate ancient origins for many components of the vertebrate innate immune system with significant gene loss likely having occurred in model invertebrate species [20, 21] . It appears that the OAS gene was lost from Ecdysozoa, as OAS activity was shown in crude extracts from the sponge, Geodia cydonium [22] . Furthermore, the OAS gene was recently isolated from the sponge, Lubomirskia baicalensis and its expression was significantly up-regulated following exposure to poly I:C, a known powerful inducer of type-1 interferon response in vertebrates [23] .
Studies conducted in fish have demonstrated that poly I:C injection induces an interferon response [24] that can provide protection against subsequent viral infection [25, 26] . Previously, it was demonstrated that poly I:C injection was a powerful inducer of putative antiviral gene expression in the Sydney rock oyster, Saccostrea glomerata [27] . Synergies in the pathways and genes expressed by S. glomerata following poly I:C injection were observed with C. gigas experimentally infected with OsHV-1 [11] . It is also known that injection of dsRNA (poly G:C) in marine shrimp (Litpenaeus vannamei) induces an innate immune response that provides increased protection against two unrelated viruses, white spot syndrome virus and Taura syndrome virus [2] . Therefore, we investigated whether poly I:C injection could induce C. gigas into an antiviral state that provided protection against subsequent OsHV-1 µvar infection. In parallel, we measured the expression of nine putative antiviral genes to gain insight into the immune response of C. gigas. These genes included a TLR and IRF identified in a cDNA library generated from short read sequences of C. gigas exposed to varying degrees of anthropogenic impacts [15] and homologues of PKR and OAS, which were identified in the recently completed oyster genome [18] . We also selected genes from the NF-κB pathway that have been identified in C. gigas: the NF-κB homolog Cg-Rel and its inhibitor, Cg-IκB [28, 29] . The remaining genes chosen for qRT-PCR analysis were shown to be upregulated in C. gigas in response to OsHV-1 infection [11] .
Materials and Methods

Experimental Animals Poly I:C protection studies
Specific pathogen free Crassostrea gigas were produced on the 5 th of March, 2012, at the Ifremer oyster hatchery in La Tremblade, Charente Maritime, France. These oysters were confirmed to be free of OsHV-1 and its variants throughout the larval and spat production cycle. Oyster spat were on-grown in a biosecure nursery facility before being transferred to Ifremer's Aquaculture Research Facility in Palavas-lesFlots (Laboratoire Aquaculture en Languedoc -Roussillon, LALR), Southern France. These oyster spat (mean weight = 3.8 grams) were used for experimentation in this manuscript, unless otherwise stated.
Preparation of OsHV-1 µvar and control oyster homogenates
An initial oyster homogenate was prepared according to Schikorski and Colleagues [30] from five moribund oyster spat collected during a mortality event on the 30 th of May, 2012 from Thau Lagoon, France. Briefly, gill and mantle tissue was excised, pooled and homogenised in 4-volumes of sterile seawater using an Ultraturax mixer. The oyster homogenate was clarified by centrifugation (1000 x g for 10 min) before serial filtration (8.0, 0.45 and 0.22 µm) in sterile conditions. OsHV-1 µvar was confirmed in this oyster homogenate by visualisation of herpes-like viral particles by electron microscopy (not pictured) and the genotype confirmed by amplifying and sequencing the C2/C6 region [7] .
Eight healthy oyster spat (see above) were injected with 50 µl of OsHV-1 µvar homogenate in the adductor muscle through a notch filed in the oyster shell. Oyster spat were then placed in 30 L aerated aquaria maintained at 22 ± 2 o C without food supply for 48 hrs. The gill and mantle tissue was excised from these infected oyster spat and used to prepare a second OsHV-1 µvar homogenate as above. This second OsHV-1 µvar homogenate was used in the first poly I:C protection experiment and to prepare a third OsHV-1 µvar homogenate used in the second poly I:C protection experiment (see below).
Control oyster homogenates were also prepared as above from healthy oyster spat. OsHV-1 µvar and control oyster homogenates were confirmed to be either positive or below detectable limits (>45 cycles of qPCR) for the virus using the C9/C10 primer pair (Table 1 ) and quantitative PCR parameters described by Pepin and Renault [31] . Since conventional cell culture methods for virus quantification is not possible for OsHV-1 µvar, a molecular method was employed to estimate the viral load in oyster homogenates and samples. The C9/C10 amplification product was cloned into the pCR4-Topo vector and replicated in Escherichia coli DH5α (Invitrogen) according to the manufacturers protocol. The plasmid was extracted using a Wizard® Plus SV miniprep DNA purification system (Promega) and the concentration of plasmid determined by UV spectrophometry and calculations outlined in the Applied Biosystems manual of absolute real-time RT-PCR quantification [32] . A standard curve (PCR efficiency = 95.0 %, R 2 = 0.995) was generated by diluting the plasmid in distilled water and the viral load of samples was estimated by qPCR and comparing the observed Ct values to known plasmid standards. All oyster homogenates used for virus and control inoculations were stored at 4 o C for no longer than two weeks and confirmed to be free of culturable bacteria by plating 50 µl of homogenate on marine agar (Difco, cat #212185).
Poly I:C protection studies
Two in-vivo experiments were performed to determine the protective role of poly I:C. Prior to experimentation, each oyster had a notch carefully filed in the side of its shell adjacent to its adductor muscle using an electric bench grinder. The oysters were then acclimatised to their research aquaria for 72 hours prior to experimentation. Research aquaria were aerated and maintained at 22 ± 2 o C with an aquarium heater. In the first experiment, oysters were immune-primed at time 0 hr with poly I:C (5 mg.ml -1 in sterile seawater, Sigma, cat #P9582). Two aquaria (A and B) with 15 oysters were injected with 50 µl of poly I:C and another two aquaria (C and D) of 15 oysters were injected with 50 µl of sterile seawater (control treatment) into the adductor muscle using a 26-gauge needle attached to a multi-dispensing hand pipette. At 24 hours, remaining oysters in each aquarium were injected a second time with either 50 µl of OsHV-1 µvar homogenate (6.5 x 10 8 copies of C9/C10.µl ; aquaria A, B, E, F, I and J) or with the control homogenate (aquaria C, D, G, H, K and L). Three oysters from each aquarium were sampled at the 0 and 24 hr time points and four oysters from each aquarium were sampled at 72 hours as above.
Nucleic Acid Purification and Reverse Transcription
Individual whole oysters were ground to a homogenised powder by beat-beating (Retsch, MM 400) samples with a stainless steel ball bearing and housing that had been pre-chilled in liquid nitrogen. Genomic DNA was purified from homogenised oyster tissue using UltraPure TM Phenol: Chloroform: Isoamyl Alcohol (Invitrogen, Cat #15593-049) before being pelleted with isopropanol and washed with 70 % ethanol. Total RNA was purified using TRIzol® Reagent (Invitrogen, Cat #15596-018) and DNA contamination eliminated with recombinant DNase I (Ambion, Cat #AM2222). The purity and quantity of purified nucleic acids was estimated by spectrophometry (Thermo Scientific, ND-1000) and quality assessed by agarose gel electrophoresis. Genomic DNA and total RNA were resuspended in sterile water to a final concentration of 20 and 100 ng/µl, respectively. First-strand synthesis was performed on 500 ng of total RNA using 250 ng of random hexamer primers (Invitrogen, cat #48190-011) and 200 units of M-MLV reverse transcriptase (Invitrogen, cat #28025-013). cDNA was diluted ten-fold in sterile water prior to use.
OsHV-1 DNA quantification
The detection and quantification of OsHV-1 DNA was performed according to Pepin and Renault [31] using a LightCycler ® 480 Real-Time thermocycler (Roche). PCR reaction volumes were 6 µl containing LightCycler ® 480 SYBR Green I Master mix (Roche), 100 nM of C9 forward and C10 reverse primers (Table 1 ) and 20 ng of DNA. All PCR reactions were performed in duplicate and absolute quantification of OsHV-1 DNA copies was estimated as described above. Chi-square analysis was used to compare the frequency that OsHV-1 DNA was detected by qPCR in each experimental treatment.
Gene Expression Analysis
Nine putative antiviral genes were selected for qRT-PCR analysis using the gene specific primers listed in Table 1 A subsequent melting temperature curve of the amplicon was performed. Amplification efficiency of target and reference genes was calculated using a 5-fold dilution of cDNA and the amplification efficiency for each primer pair is listed in Table 1 . Expression of target genes were normalised with the elongation factor 1-alpha reference gene [33] , which was stable in the current study. The relative expression of target genes was firstly calculated using the ∆Ct method using the formula: 2
Ct(target)-Ct(reference)
, with the cycle threshold (Ct) set at 0.1 for all genes. The normalised expression ratio (2 -∆∆Ct ) was calculated using the relative expression of target genes at time 0 hr as the calibrator according to Livak and Schmittgen [34] . Two-way analysis of variance (ANOVA) was performed to test the effect of immunepriming and OsHV-1 µvar infection on the normalised expression of each target gene using the computer software package, GraphPad Prism® v. 6.0a. Tukey's honest significant difference method for multiple comparisons was used to compare means if significant differences were found.
Results
Poly I:C provides protection against subsequent OsHV-1 µvar infection
Two independent experiments were performed to examine whether poly I:C treatment could confer protection against OsHV-1 µvar infection. In the first experiment, poly I:C injection provided oysters with significant protection against OsHV-1 µvar infection ( Figure 1A , X 2 = 31.57, df = 3, p < 0.0001). In the poly I:C group, only one of the nine individual oysters (11 %) contained OsHV-1 µvar DNA at 48 hours post infection. In contrast, the proportion of oysters containing OsHV-1 µvar DNA was nine for nine individual oysters (100 %) in the control group ( Figure  2A) . A second experiment was performed in order to confirm this initial result and to determine if the protection was specific to poly I:C. This initial result was confirmed and shown to be a specific antiviral response ( Figure 1B , X 2 = 38.62, df = 5, p < 0.0001). In the poly I:C group, two of eight individual oysters (25 %) contained OsHV-1 µvar DNA compared to eight of eight individual oysters (100 %) in the control group ( Figure 2B) . Furthermore, the protection provided by poly I:C appears to be specific as no protection was observed from oysters injected with heat-killed V. splendidus. In the V. splendidus group, eight of eight individual oysters (100 %) contained OsHV-1 µvar DNA and their estimated viral load was significantly higher compared to oysters injected with poly I:C prior to virus challenge ( Figure 2B , ANOVA, p < 0.01).
Gene Expression
The experimental design employed in the current study allowed us to determine if immune-priming or OsHV-1 µvar infection up-regulated the expression of nine putative antiviral genes. Poly I:C priming was observed to up-regulate the expression of Cg-TLR in both experiments ( Figure 3A and 3B, p < 0.05), but was not significantly upregulated following OsHV-1 infection (p > 0.05). The expression of Cg-MyD88 was significantly up-regulated in response to poly I:C priming in experiment 1 ( Figure 3C , p < 0.01) and OsHV-1 µvar infection in experiment 2 ( Figure 3D , p < 0.0001). The expression levels of Cg-Rel and Cg-IRF were only measured in protection experiment two and both of these genes were found to be significantly up-regulated in response to poly I:C injection ( Figure 3E and 3F, p < 0.0001) and Cg-IRF was also significantly up-regulated in response to OsHV-1 µvar infection ( Figure 3F , p < 0.0001). In both experiments, the expression of Cg-Mpeg1 was up-regulated in response to poly I:C priming ( Figure 3G and 3H, p < 0.001) and OsHV-1 µvar infection ( Figure 3G and 3H, p < 0.01). The expression of Cg-PKR was significantly up-regulated in response to OsHV-1 µvar in experiment 1 ( Figure 3I , p < 0.01) and poly I:C priming in experiment 2 ( Figure 3J , p < 0.0001). The expression of Cg-IFI44 was significantly up-regulated in response to poly I:C injection ( Figure  2K , p < 0.01) and OsHV-1 µvar infection ( Figure 3K , p < 0.05) in the first experiment. However, the expression of expression of Cg-IFI44 was stable in the second experiment ( Figure 3L , p > 0.05). Finally, immune priming or OsHV-1 µvar infection had no significant effect on the expression of Cg-IκB or Cg-OAS (p > 0.05).
Discussion
We have shown that poly I:C acts to stimulate an antiviral state in C. gigas that interferes with OsHV-1 µvar infection. The proportion of oysters positive for OsHV-1 was markedly reduced in oysters treated with poly I:C (Figure 2) . Furthermore, poly I:C induced a specific antiviral response as opposed to a generic immune response because priming oysters with heat-inactivated V. splendidus bacteria did not reduce the proportion of oysters infected by OsHV-1 µvar ( Figure 2B ). Similar protective responses have been observed in vertebrates and marine shrimp. Numerous studies in fish have demonstrated that poly I:C induces the expression of interferon stimulated genes and inhibits viral replication in cell lines and in vivo [25, 26, 35, 36] . Poly I:C injection in channel catfish (Ictalurus punctatus) prior to challenge with a herpesvirus (channel catfish virus or CCV) resulted in the upregulation of Myxovirus resistance (Mx) mRNA and significantly reduced mortality from 70% to 3% [26] . Studies conducted in channel catfish ovary (CCO) cell lines have demonstrated that poly I:C treatment induces the expression of catfish interferon-2 and Mx [37, 38] and this response effectively blocks channel catfish virus replication in CCO cells by inhibiting immediate-early gene expression of the virus [36].
We measured the expression of nine putative antiviral genes in the current study to provide insight into the molecular mechanism that conferred resistance against OsHV-1 µvar infection. It is not currently possible to propagate OsHV-1 in a mollusc cell line and prepare pure viral inoculums. Protocols developed for OsHV-1 experimental infections rely on preparing infectious tissue homogenates from infected oyster tissues [11, 30] . These crude oyster homogenates would contain microbial products and host cellular debris that may induce immune and tissue damage response pathways. We therefore included a control oyster homogenate to determine if our target genes were induced by OsHV-1 µvar infection or by the oyster homogenate. Comparison of putative antiviral gene expression between the two protective studies revealed Cg-TLR, Cg-IκB, Cg-Mpeg1 and Cg-OAS had similar expression patterns between the two protective studies. However, the expression profiles of Cg-MyD88, Cg-PKR and Cg-IFI44 were different and probably reflect methodology constraints, including small sample sizes and the inability to quantify and standardise the number of infectious virus particles in OsHV-1 µvar homogenates leading to differences in infection kinetics between the two studies. Previous research has demonstrated that varying the infectious dose (dilution) of AVNV (herpesvirus) alters the infection kinetics and survival of the scallop, Chlamys farreri [39] .
Renault and Colleagues [11] have already demonstrated that the expression level of Cg-MyD88, Cg-Mpeg1 and Cg-IFI44 is positively correlated with OsHV-1 load. Reassuringly, both poly I:C injection and OsHV-1 µvar infection increased the mean expression of Cg-MyD88 and Cg-PKR in both experiments (Figure 3) .
The conflicting result for Cg-IFI44 between the two protective experiments is likely the result that Cg-IFI44 mRNA levels were either absent or below detectable limits for a large number of individual oyster in the second experiment, which ultimately would reduce the power to determine statistical differences. Rosa and Colleagues [40] have previously reported the inability to detect Cg-IFI44 mRNA by qRT-PCR in a large percentage of individual oysters and they speculated either single nucleotide polymorphisms prevented particular Cg-IFI44 alleles to be amplified or absence of the IFI44 gene in the genome of a proportion of the C. gigas population.
Vertebrates cells recognise poly I:C using toll-like receptor 3, which triggers activation of the transcription factors IRF-3 and NF-κB that translocate into the nucleus and attach to specific sites in the interferon gene promoter [24] . Similar to vertebrates, we observed in C. gigas that poly I:C injection up-regulated the response of a toll-like receptor, an interferon regulatory factor and Rel/NF-κB (Figure 3 ). Poly I:C injection also up-regulated the expression of Cg-IFI44 in protective experiment 1 and Cg-PKR in protective experiment 2. Both of these genes are homologues of vertebrate interferon stimulated genes (ISGs). The role of IFI44 in vertebrate antiviral immune response is unclear, but this gene is known to be up-regulated in oysters responding to viral infection [11, 41] . In contrast, PKR is one of the most studied mammalian interferon-induced proteins and inhibits viral and cellular protein synthesis by phosphorylating eukaryotic initiation factor 2 (eIF2) [24] . Poly I:C injection also upregulated the expression of Cg-Mpeg1, which is a macrophage expressed gene (perforin) that plays an essential role in innate immunity. Cg-Mpeg1 is found predominantly in the late endosomes and exhibits significant antibacterial activity [42] and Renault and Colleagues [11] speculated it may be involved in direct killing of viral infected host cells and/or inactivating OsHV-1 through virus envelope degradation.
The genes up-regulated to poly I:C injection were likely to be also involved in the antiviral response of C. gigas. Renault and Colleagues [11] previously demonstrated that MyD88, Mpeg1 and IFI44 are up-regulated in C. gigas experimentally infected with OsHV-1, but this is the first report that the expression Cg-IRF and Cg-PKR is induced by OsHV-1 infection and Cg-TLR and Cg-Rel is regulated in response to dsRNA. It was recently reported that Cg-TLR 3 (Genbank # AM854726), NF-κB inhibitor cactus (Genbank # AM853504) and suppressor of cytokine signalling (Genbank # CU686145) were differentially expressed in gill, muscle and gonad tissues of C. gigas family lines bred for resistance or susceptibility to French summer mortality and subjected to a mortality outbreak in the field [43] . The authors concluded that the ability of resistant oysters to up-regulate the expression of these immune signaling genes just prior to the mortality peak was the main determinant for the difference in survival in the field [43] . Our results are in accordance with these observations. The expressed sequence tag for the TLR we studied has highest sequence homology to Cg-TLR 3 (BlastX 85 % identity, Genbank EKC35956) and the TLR pathway is one of the most highly conserved signaling pathways for activation of NF-κB. The up-regulation of myeloid differentiation primary response protein 88 (MyD88) provides further support for involvement of the TLR/NF-κB signalling pathway in OsHV-1 resistance (Figure 3 ). We were surprised that OAS, a classic interferon simulated gene of vertebrates, was not upregulated in C. gigas following poly I:C injection or OsHV-1 µvar challenge. This observation is in contrast to studies conducted on vertebrates [1] and sponges [23] , but we only measured the expression of one of the two OAS isoforms reported in the oyster genome [18] .
In summary, we demonstrated oysters have an inducible antiviral immune response that is separate from a dsRNA gene silencing mechanisms (RNAi) by using a nonspecific dsRNA stimulant. Furthermore, this was a specific antiviral response as no protection was observed when oysters were injected with Vibrio splendidus prior to challenge. The observed response required the oysters to be able to recognise dsRNA to activate signalling cascades and up-regulate the expression of effector molecules that either blocked viral entry into host cells or inhibits viral replication. In support of this statement we observed increased mRNA levels for a toll-like receptor, transcription factors and antiviral effector proteins. Our observations in the current study had striking resemblance to a type-1 interferon response of vertebrates. Future research is now needed to firstly find out if oysters utilise other antiviral pathways, including RNAi, to combat viral infection and to secondly determine why adults, but not juveniles, can mount an effective immune response against OsHV-1 µvar infection. Results of the first experiment (A) and second experiment (B) are expressed as the mean number of C9/C10 copies detected per 20 ng of genomic DNA extracted from whole oyster spat (mean ± SE). The proportion of oysters containing OsHV-1 DNA (34 cycles of qPCR) in each group is also presented. Figure 3 : Gene expression of selected target genes in poly I:C protection study 1 and 2. The normalised expression of Cg-TLR (graph A and B), MyD88 (graph C and D), Cg-Rel (graph E), Cg-IRF (graph F), Cg-Mpeg (graph G and H), Cg-PKR (graph I and J) and Cg-IFI44 (graph K and L) is presented. The expression level of Cg-Rel and Cg-IRF were only measure in protective study 2. Bar represent normalised expression following priming (24 hrs) and challenge (72 hrs) with either OsHV-1 µvar or control homogenates. Gene expression is presented relative to the EFU housekeeping gene (2 -∆∆Ct , mean ± SE). The affect of priming and OsHV-1 µvar infection on expression of target genes was determined using two-way analysis of variance (ANOVA). Different letters indicate significant differences between treatments (p < 0.05, Tukey's HSD). Horizontal brackets represent statistical differences due to priming (p < 0.05).
